Introduction
Persistent organic pollutants (POPs) such as polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs) and polychlorinated dibenzo-p-dioxins/furans (PCDD/ Fs) are well-known ubiquitous contaminants, persistent in the environment and could bioamplify in trophic food webs. 1 These chemicals can induce important chemical stresses on the ecosystems and their monitoring is frequently realized in different environmental matrix, such as water, particulate matter, soils/sediments and biological samples. [2] [3] [4] The interaction between pollution and climatic changes program (IPOC) proposed to use mussels as bioindicator species of freshwater and marine water quality. The species selected are dressenids (Dreissena bugensis and Dreissena polymorpha) for freshwaters and blue mussels (Mytilus edulis) for marine waters. Mussels are filter feeding organisms that bioaccumulate pollutant mainly by the ingestion of particulate matter. That is why mussels have been extensively used as sentinel species, especially for marine waters. 1, [4] [5] [6] The filtration feeding can induce high levels of POPs in the organism while low concentrations of the pollutants are observed in water samples. Moreover, the levels measured in mussels may provide information of the bioavailable fraction of pollutants in the water column susceptible to induce adverse effects. 4 Incidentally, biota are preferred matrix for pollution monitoring studies for POPs (PCBs, PBDEs and PCDD/Fs) in the EU Directive 2008/105/EC. 5 Biological samples, such as mussels and fish that have high lipid content, are commonly extracted by Soxhlet apparatus, digested with concentrated acid and submitted to different chromatographic purifications, prior to the detection by high resolution instruments. [7] [8] [9] [10] [11] However, this state-of-the-art methodology is time consuming, expensive and requires large amount of organic solvents which often limit the number of samples analyzed in ecotoxicology and risk assessment projects. In this context, we developed a faster and cheaper methodology to conduct different projects at lower cost. This paper presents the PCDD/Fs results obtained by an adapted extraction and digestion method that allows faster preparation at lower expenses.
Materials and Methods

Materials and standards
Methylene chloride, toluene, n-hexane and isooctane are pesticide grade quality. A mix of seventeen native PCDD/Fs, 13 C-labeled internal standards were purchased at Wellington Laboratories, Canada. The GC-HRMS system used is a Waters system with an Agilent GC computed with Masslynx 4.1 equipped with a 60 m Agilent J&W DB-5 column.
Polychlorinated dibenzo-p-dioxins/furans extraction
Extracts were prepared with 15 g wet weight of commercial fish (salmon), blue mussels and 9 g of a certified reference material (CARP-2; Wellington Laboratories). The extraction was performed by a fast and inexpensive extraction in a 50 mL polypropylene tube with 25-30 mL of toluene. Tube extraction was performed twice and shaked with a Polytron agitator for 2 min. Extracts were then centrifuged at 3500 rpm for 10 min and the toluene portion was transferred in a 125 mL round bottom flask. Toluene was evaporated to about 2 mL and resuspended with n-hexane to a final volume of 10 mL.
Purification and analysis
One ml of this extract is evaporated to dryness for lipid content analysis by gravimetry. The remaining 9 mL were digested with acid. Three different times of acid digestion were tested on a Heildolph REAX-2 (Rose scientific) shaker, 15 min, 2 h and overnight (16-18 h). Ten mL of concentrated sulphuric acid was added for the 15 min and 2 h of shaking, and 15 mL was added for overnight digestion, which corresponds to the traditional methodology used in the laboratory. Digest extract was centrifuged 10 min for 15 min and 2 h and 45 min for the overnight test at 3500 rpm to reduce emulsion in the n-hexanes portion.
Only for the percentage of removal lipid, the residual lipid content was recorded for the nhexanes after the acid digestion by evaporating to dryness to measure the efficiency of the acid digestion for three times evaluated for the lipid purification test only.
For PCDD/Fs analysis, acid digest extracts were purified on a multi-layer column with different silica layer (AgNO 3 , NaOH, H 2 SO 4 ) from the bottom to top, separated by natural silica layer then fractioned on an alumina column. The purified samples were concentrated to 25 μL and injected on a 60 m DB5 for the instrumental analysis by GC-HRMS (AgilentWaters).
Results and Discussion
Lipid purification
Percentage removal of lipids for three time of digestion evaluated obtained were 90.9±0.9% for 15 min, 88.4±12.1% for 2 h and 95.2±6.8% for overnight digestion. There are no significant differences (one-way ANOVA; P>0.25) among 15 min, 2 h and overnight acid digestion. Moreover, the 15 min acid digestion produces less emulsion and better phase partition between the acidic and n-hexane portions than the usual overnight acid digestion or 2 h Article Table 1 . Accuracy of the targeted polychlorinated dibenzo-p-dioxins/furans spiked in mussels and salmon. digestion. The 15 min acid digestion allows an easy and fast removal of the lipid content in the extracts and shorter centrifugation time was sufficient at 3500 rpm (10 min against 45 min after overnight digestion).
Polychlorinated dibenzo-p-dioxins/furans analysis
The tube extraction with 15 min acid digestion shows adequate recovery of the 13 Clabelled internal standards for the three biological samples targeted, mussels (70%±2%), salmon (81%±2%), and the CRM-CARP-2 (73%±2%).
The spiked samples show excellent recovery and accuracy for the targeted PCDD/Fs in mussels (92% to 133% with an average of 104%) and in salmon (85% to 128% with an average of 104%; Table 1 ).
The CRM-CARP-2 samples show coherent results for most of the targeted PCDD/Fs except for the 1,2,3,4,7,8-HxCDD whose accuracy was problematic and will be investigated ( Table 2) .
Conclusions
The tube extraction and the fast acid digestion (15 min) proposed allow an alternative for the monitoring of PCDD/Fs in different biological samples (mussels, salmon and CRM). This innovative method can be done in the same working day compared to the traditional procedure that takes more than 3 days of preparation. With this proposed analytical methodology, the level of solvent consumption is 8 to 10 fold decreased compared to the state-of-art methodology. In the next step, this method will be validated for PCBs and PBDEs analysis in the same type of biological samples with the aim of providing a reliable analytical alternative for monitoring POPs in IPOC related projects.
